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ABSTRACT 


Current  nutritional  recommendations  for  low  birth 
weight  infants  which  hope  to  achieve  growth  rates  approx¬ 
imating  those  in-utero  are  based  on  the  experimental 
evidence  extant  with  supplemental  theorization.  Ziegler, 
et  al.,  have  developed  the  major  theoretical  model  for 
estimating  nutrient  requirements,  employing  a  facto¬ 
rial  approach  and  relying  on  values  from  the  rererence 
fetus , 11  their  model  of  the  chemical  compositj_on  of 
growth  of  a  hypothetical  fetus,  resulting  in  estimates 
of  the  requirements  for  protein  and  major  minerals.  io 
assess  their  estimates  with  respect  to  "growing  healthy 
premies"  in  a  standard  clinical  setting,  the  estimated 
requirements  were  compared  to  actual  intakes.  Records 
of  42  A.G.A.  low  birth  weight  infants  who  were  formula- 
fed  either  Enfamil  20  with  Iron  or  Enfamil  Premature 
(both  by  Mead  Johnson  and  Co.)  during  the  period  1975- 
1980  were  studied,  meeting  criteria  seeking  to  define 
a  group  of  healthy  growing  formula-fed  LBW  infants. 
Results  showed  that  the  formulas  did  not  provide  all 
the  requirements  as  estimated  by  Ziegler,  et  al.,  when 
fed  at  standard  levels  of  caloric  intake  (120-150 
kcal/kg/d) .  A  formula  was  considered  inadequate  for  a 


given  nutrient  when  at  a  given  calorie  intake  it 
provided  less  than  .90  of  the  estimated  requirement. 
Results  for  Enfamil  20  with  Iron  showed  that  it  did 
not  provide  adequate  protein,  sodium,  calcium,  and 
phosphorus  for  all  infants  at  standard  caloric  intakes; 
Enfamil  20  with  Iron  did  provide  adequate  chloride, 
potassium,  and  magnesium  for  all  infants  at  standard 
caloric  intakes.  Results  from  Enfamil  Premature 
showed  that  it  did  not  provide  adequate  sodium  or  phos¬ 
phorus.  Enfamil  Premature  did  provide  adequate  protein, 
chloride,  potassium,  calcium  and  magnesium  for  all 
infants  at  all  standard  caloric  intakes.  Similar 
results  were  obtained  by  calculations  on  a  hypo¬ 
thetical  infant  at  various  levels  of  caloric  intake. 

None  of  the  infants  showed  clinical  evidence  of 
deficiency,  but  no  special  tests  or  evaluations  were 
performed.  Further  studies  are  needed  to  verify  or 
disprove  Ziegler's  theoretical  estimates.  Ultimately 
direct  experimental  approaches  will  be  necessary  to 
define  nutrient  requirements  for  low  birthweight 


infants . 
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I. 


INTRODUCTION 


In  this  thesis  I  will  review  the  current  nutri¬ 
tional  recommendations  of  the  American  Academy  of 
Pediatrics  Committee  on  Nutrition  for  protein  and 
major  minerals  including  a  discussion  of  relevant 
neo-natal  physiology. 

Secondly,  I  will  review  and  discuss  a  factorial 
model  for  predicting  nutrient  requirements  for  grow¬ 
ing  low  birth  weight  infants  developed  by  Ziegler, 
et  al.,  as  a  model  of  extra-uterine  growth. 

Thirdly,  as  an  application  of  Ziegler's 
theoretical  model  to  the  clinical  setting  I  will 
present  and  discuss  the  results  of  a  retrospective 
study  on  growing  healthy  formula-fed  LBW  infants, 
in  which  actual  intakes  and  requirements  estimated 
by  factorial  approach  are  compared. 
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II. 


LITERATURE  REVIEW 


A.  Current  Nutritional  Recommendations 

In  recent  years,  modern  medicine  has  greatly 
improved  the  chances  of  survival  and  the  subsequent 
quality  of  life  of  the  premature  infant.  An  increased 
knowledge  of  intra-uterine  and  post-natal  physiology, 
appropriate  technology,  and  a  body  of  specially- 
trained  professionals  have  made  it  possible  for  very 
small  babies  to  survive.  Their  survival  poses  new 
questions  and  challenges  to  medicine  regarding  their 
support  and  management. 

Although  neonatologists  are  highly  aware  of  the 
importance  of  optimal  nutrition,  the  definition  of 
"optimal  nutrition"  continues  to  evolve.  According 
to  the  American  Academy  of  Pediatrics,  Committee  on 
Nutrition,  (1)  the  goal  in  nutritional  management  of 
low  birth  weight  (LBW)  infants  is  the  prompt  resump¬ 
tion  of  growth  at  the  rate  approximately  that  in-utero, 
with  the  assumption  that  the  "Intent  of  Nature"  (21) 
is  the  best  condition  for  subsequent  normal  develop¬ 
ment.  Specific  nutrient  requirements  to  allow  this 
rate  of  growth  have  not  been  established  experi- 
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mentally,  but  recommendations  employing  the  available 
evidence  currently  direct  LBW  infant  feeding  practices. 

Calorie  intakes  ranging  from  110-150  kcal/kg/d 
allow  most  LBW  infants  to  grow.  Underlying  conventional 
feeding  practices  is  the  energy  expense  schema  of 
Sinclair  (47)  who  suggested  a  minimal  daily  energy 
requirement  of  120  kcal/kg/d  proportioned  as  follows: 


Resting  Metabolic  Rate  50 
Intermittent  Activity  15 
Cold  Stress  10 
Specific  Dynamic  Action  8 
Fecal  Loss  12 
Growth  25 


120  kcal/kg/d 

To  arrive  at  an  estimated  value  of  the  resting 
energy  expenditure  Sinclair  considered  metabolic  rate 
studies  on  premature  infants  based  on  oxygen  consump¬ 
tion  values  from  varying  sources,  (7,  24,  26,  42,  46) 
covering  the  time  from  the  first  day  of  life  to  the 
late  neo-natal  period.  Premature  infants  have  lower 
resting  metabolic  rates  than  their  full  term  counter¬ 
parts,  averaging  45-60  kcal/kg/d  (31).  As  the 
premature  infant  increases  in  weight  his  resting 
metabolic  rate  increases  (7,  51);  it  also  increases 
with  post-natal  age.  (46,51)  Eventually  the 
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metabolic  rate  of  the  premature  infant  exceeds  that 
of  the  full  term  infant  of  the  same  body  weight.  (47) 
Hence  the  metabolic  rate  cannot  be  considered  a  static 
value  contributing  to  the  infant's  energy  expenditure. 
(45) 


The  level  of  physical  activity  and  consequent 
energy  expense  is  characteristic  of  each  individual 
infant.  Sinclair's  energy  expense  estimates  are 
based  on  metabolic  rate  data  and  observations  on 
premature  infants  regarding  the  percentage  of  time 
spent  in  activity.  An  early  and  prototypic  study 
was  that  of  Gordon  (18)  in  which  28  observations 
on  11  infants  were  made.  With  increasing  post¬ 
natal  age ,  activity,  and  therefore  its  energy 
expenses,  increases.  (6)  Again,  this  energy  expense 
cannot  be  considered  a  static  value. 

The  potential  impact  of  the  thermal  environ¬ 
ment  can  be  striking.  Sinclair's  allocation  of 
only  12%  of  energy  expenditure  for  cold  stress 
represents  the  non-stress  situation.  For  example, 
a  1°C  drop  in  the  temperature  of  the  infant's 
abdominal  wall  can  lead  to  a  10-15%  rise  above 
basal  metabolic  rate.  (47)  Hence  a  thermo-neutral 
environment  minimizes  the  energy  an  infant  expends 
to  maintain  body  temperature.  This  critical 
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temperature  is  effected  by  size  (18)  and  post¬ 
natal  age.  (6)  Comparing  12  matched  pairs  of 
1000-2000  gram  healthy  premature  babies.  Glass 
(17)  found  significant  differences  in  weight  gain 
and  length  which  he  attributed  to  the  experimental 
difference  in  thermal  environment.  Thermo-neutral 
temperature  values  as  estimated  by  Hey  and  Katz  (25) 
have  been  incorporated  into  conventional  LBW  infant 
care.  In  effect,  those  spared  calories  can  be  used 
for  growth. 

Specific  dynamic  action,  the  thermogenic 
effect  of  food  metabolism,  is  a  function  of  the 
diet  composition.  For  example,  protein  has  a  high 
specific  dynamic  action,  so  one  can  expect  a  better 
weight  gain  per  caloric  intake  when  calories  exceed¬ 
ing  the  protein  requirement  are  provided  by  non¬ 
protein  sources.  Mestyan  (35)  found  it  to  be  9.2% 
ingested  calories  in  infants  taking  artificial 
formula,  whereas  Sinclair's  schema  allocates  15% 
of  intake.  The  contribution  of  specific  dynamic 
action  to  total  energy  expenditure  necessarily 
varies  with  the  diet. 

The  fecal  losses  contributing  to  the  caloric 
requirement  also  depend  mainly  upon  the  composition 
of  the  infant's  diet  as  well  as  individual  digestive 
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maturity.  Utilization  of  carbohydrates  by  LBW 
infants  is  provided  by  disaccharid ases  which  are 
present  early  in  fetal  life,  maltase  and  sucrase 
appearing  at  6-8  months  of  gestation.  Because 
lactase  does  not  appear  until  term,  utilization  may 
not  be  efficient  when  birth  is  premature.  (21) 
Similarly,  complex  polyaccharide  utilization  is 
limited  by  low  pancreatic  amylase.  Protein  digestion 
is  not  significantly  effected  by  prematurity.  Fat 
malabsorption  is  the  main  contributant  to  fecal 
energy  losses  with  steatorrhea  approaching  10%. 

(23)  This  is  due  to  a  decreased  total  bile  salt 
pool,  (52)  decreased  intestinal  bile  salt  concen¬ 
tration,  (29,  36,  44)  and  decreased  levels  of 
pancreatic  lipase.  (56)  The  quality  of  the  fat 
ingested  also  effects  malabsorption.  Saturated 
fats  are  more  poorly  absorbed  than  vegetable  oils; 
medium  chain  triglycerides  are  absorbed  best.  (21) 

The  magnitude  of  malabsorption  is  made  evident  by 
Brooke's  calorimetry  studies  (6)  on  15  LBW  infants 
showing  that  6-48%  of  the  gross  energy  intake  was 
excreted.  In  addition  to  the  wide  range  of  mal¬ 
absorption  within  the  group,  there  was  up  to  30% 
daily  variance  for  an  individual  infant  in  good 
health  free  of  gastrointestinal  problems.  Hence, 
assigning  an  energy  expense  for  fecal  loss  is  at 
best  a  rough  approximation,  highly  variable  for  a 
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given  infant,  with  a  wide  range  between  infants, 
Brooke  (6)  also  found  that  fecal  losses  decrease 
with  post-natal  age.  Fat  absorption  improves  with 
post-natal  age,  and  probably  accounts  for  most  of 
the  decreased  excretory  energy  losses. 

Calories  for  growth  have  historically  been 
assigned  in  essence  by  a  process  of  elimination. 
Sinclair  (47)  notes  that  normal  growth  occurs  at  an 
intake  of  2-2.5  times  the  basal  metabolic  rate  of 
50,  yielding  a  net  difference  of  25  kcal/kg/d  when 
the  components  discussed  earlier  have  been  subtracted 
from  the  120  kcal/kg/d  total.  However,  as  previously 
noted,  there  is  significant  variation  in  each  of  the 
factors.  Age,  diet,  stress,  and  individual  infant 
characteristics  each  effect  the  energy  expended  for 
nongrowth.  Thus  calories  are  allotted  for  growth 
haphazardly  as  "calories  left  over,"  rather  than  by 
intent.  Recent  experimental  attempts  to  determine 
the  energy  cost  of  weight  gain  approached  this 
component  direction,  and  asked  the  question,  "How 
much  energy  is  required  for  a  baby  to  grow?"  Bomb 
calorimetry  studies  by  Whyte  (48)  on  eight  growing 
LBW  infants  found  4.9  kcal/g  weight  gain.  Similar 
studies  by  Brooke  (6)  on  15  infants  found  the  energy 
cost  of  growth  to  be  5.7  kcal/g  weight  gain.  Given 
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the  25  kcal/kg/d  allotted  for  growth,  one  can  predict 
a  4-5  gram  weight  gain  per  kg  per  day  for  a  LBW  infant, 
a  growth  rate  clearly  below  that  in-utero. 

Fluid  management  while  of  concern  in  its  own  right, 
is  also  important  as  the  vehicle  of  caloric  intake. 

Fluid  demands  include  ongoing  losses  as  well  as  accu¬ 
mulation  in  new  tissues.  Temperature,  humidity,  activ¬ 
ity,  and  respiratory  rate  (reflecting  metabolic  rate) 
all  influence  fluid  demands.  (23)  LBW  infants  have 
unique  demands.  Their  insensible  water  losses  are 
greater.  Their  renal  concentrating  ability  is  immature, 
so  they  are  less  able  to  handle  solute  loads  such  as 
those  imposed  by  a  concentrated,  high-protein  formula. 
Challenges  to  water  balance  abound  in  the  environment 
as  temperature  stress,  phototherapy,  steatorrhea, 
and  infection.  (23)  Recommendations  by  AAP  for  water 
of  150  ml/kg/d  are  provided  by  conventional  premature 
infant  formulas  (24  kcal/oz)  when  fed  at  120  kcal/kg/d, 
the  minimum  caloric  recommendation.  Human  milk  and 
other  formulas  of  lower  caloric  density  (20  kcal/oz) 
may  not  provide  adequate  calories/nutrients  without 
an  unacceptable  fluid  load  or  at  a  volume  tolerated 
by  a  premie  with  reduced  gastric  capacity.  (1) 


The  complexity  of  the  questions  and  the  technical 
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difficulties  inherent  in  nutritional  studies  on  LBW 
infants  have  led  to  a  relative  lag  in  this  aspect  of 
newborn  care.  Nevertheless  progress  through  experi¬ 
mental  design  and  clinical  fortuity  is  ongoing;  mean¬ 
while,  theoretical  approaches  to  estimate  nutrient 
requirements  have  attempted  to  fill  the  void. 

B.  A  Theoretical  Approach 

The  major  theoretical  model  is  that  of  Ziegler, 
et  al.,  (54,  37,  16)  which  employs  a  factorial 
approach  to  estimate  the  requirements  for  protein 
and  major  minerals.  They  propose  to  apply  their 
model  to  the  premature  infant  undergoing  rapid  growth. 
They  exclude  the  immediate  neonatal  period  as  a  period 
primarily  concerned  with  achieving  homeostasis 
rather  than  growth,  and  as  a  period  of  significant 
physiological  adjustments  to  extra-uterine  life.  (37) 
In  the  model,  a  nutrient  requirement  is  presented  as 
the  sum  of: 

(1)  Requirement  for  growth — that  amount 
accounted  for  by  increment  in  body 
content,  or  the  amount  spent  for 
tissue  synthesis  in  the  case  of  energy; 

(2)  Requirement  for  nongrowth — that  amount 
necessary  to  maintain  homeostasis, 
including  urinary  and  dermal  losses 

Two  assumptions  explicitly  underlie  their  model. 
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(1)  The  desired  extra-uterine  growth  rate 
is  similar  to  that  of  the  in-utero 
fetus  of  similar  weight  or  gestational 
age . 

As  a  standard  for  in-utero  growth,  a  curve  derived 
by  Kloosterman  is  used  to  estimate  the  average  weight 
gain  of  the  normal  fetus.  Kloosterman ' s  curve  is  a 
composite  based  on  data  from  various  sources  using 
the  50th  percentile  for  both  sexes  and  all  parities. 

It  is  implied  that  weight  and  gestational  age  are 
considered  as  equivalent  terms  in  describing  the 
stage  of  fetal  development. 

(2)  The  composition  of  the  growth  should  be 
similar  to  that  of  a  normal  fetus. 

It  is  assumed  desirable  and  possible  with  satisfactory 

nutrition  for  the  chemical  composition  of  the  growing 

infant  to  parallel  that  in-utero. 

C.  The  Reference  Fetus  Model 

To  be  able  to  formalize  analogies  between  the 
fetus  and  the  premature  infant,  Ziegler,  et  al., 
developed  a  "reference  fetus"  model,  (55)  a 
description  of  the  chemical  growth  of  a  hypo¬ 
thetical  fetus.  The  model  evolved  from  a  number 
of  steps. 


(1)  Selection  of  data  on  whole  body 

chemical  analysis  from  the  literature 
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(.2)  Application  of  regression  analysis 
for  each  body  component  in  relation 
to  age 

(3)  Use  of  regression  equations  for 
reconstruction  of  "reference  fetus" 

(4)  Adjustment  of  body  weight  according 
to  present  norms 

Criteria  for  selecting  data  from  the  literature 
included : 

Gestational  age  not  less  than  22  weeks 
by  last  menstrual  period  or  calculated 
from  fetal  length 

-  Mother  not  diabetic  or  malnourished 
Stillborn  or  survived  less  than  48  hours 
No  major  congenital  anomalies 

-  Adequate  chemical  data 

Causes  for  exclusion  included  unsatisfactory  estimates 
of  gestational  age,  evidence  of  maternal  under¬ 
nutrition,  and  incomplete  chemical  data.  Ultimately, 
date  regarding  22  fetuses,  combined  from  three 
sources  (8,  15,  27)  was  analyzed. 

As  the  reference  for  intra-uterine  growth,  a 
50th  percentile  curve  based  on  Kloosterman ' s  data 
was  adopted.  Except  for  two  fetuses  the  body  weights 
of  the  22  analyzed  fetuses  were  less  than  the  50th 
percentile  for  the  corresponding  gestational  age; 
all  were  above  the  5th  percentile.  (1)  From  the 
regression  lines,  body  weight  and  amounts  of  each 
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component  were  calculated  for  each  week  of  gestation 
(24-40  weeks) .  Body  weight  was  then  adjusted  upward 
to  the  50th  percentile,  without  changing  the  percentage 
composition . 

Ziegler  tabulated  the  body  composition  of  the 
reference  fetus  for  various  gestational  ages.  (Table  1) 
By  using  estimated  weight  increments  along  the  refer¬ 
ence  fetus  growth  curve  and  the  estimated  body  compos¬ 
ition  at  the  two  weights,  Ziegler,  et  al.,  calculated 
the  composition  of  the  interval  weight  gain.  (55) 

(Table  2)  These  values  presented  graphically  in 
Figure  2  show  that  protein  and  lipid  increments  increase 
with  gestational  age,  while  water  increments  decrease. 

D.  The  Factorial  Model 

Utilizing  the  composition  values  derived  from 
the  reference  fetus  model,  Ziegler,  et  al.,  (54) 
selected  wider  intervals  of  fetal  development  to  be 
considered  analogous  to  periods  of  extra-uterine 
growth  and  presented  detailed  estimates  of  nutrient 
requirements  for  two  groups  of  infants,  characterized 


as  : 
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Group  I 


Body  Weight 
(grams) 


Gestational 

Age 

(weeks ) 


800-1200 


26-28 


Group  II  1200-1800  29-31 

*Gestational  age  corresponding  to  body  weight 
according  to  reference  fetus  model. 


Consistent  with  a  factorial  approach,  separate 
estimates  were  made  for  each  factor  contributing  to 
the  total  requirement  for  each  nutrient.  These  included 
estimates  for  growth  and  nongrowth,  with  allowance 
for  absorptive  inefficiency.  (See  Table  2)  To 
arrive  at  values  representative  of  each  infant  group, 
the  applicable  weekly  values  for  tissue  increments 
were  averaged  for  each  nutrient.  Values  assigned  for 
nongrowth  and  absorptive  factors  were  drawn  from  the 
literature.  (Values  and  references  cited  are  pre¬ 
sented  in  Appendix  I.)  To  estimate  dermal  and 

urinary  losses  for  each  group,  limited  reports 

in  the  literature  were  considered.  Estimates  of 
intestinal  absorption  as  percentage  of  intake 

were  similarly  derived.  The  values  assigned  within 
the  model  are  shown  in  Table  3.  By  combining  these 
factors  and  taking  into  account  body  weight,  a 
composite  estimated  requirement  results  for  each 
nutrient  for  the  two  infant  groups. 
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Therefore,  because  of  the  lack  of  definition 
regarding  optimal  nutrition  and  specific  nutrient 
requirements,  the  present  study  was  undertaken  to 
assess  the  nutritional  adequacy  of  conventional 
formula  feeding  for  healthy,  growing,  low  birth  weight 
infants,  using  the  requirements  predicted  by  Ziegler's 
factorial  model. 


III.  METHODS 


The  records  of  all  survivors  who  were  of  <1500 
gram  birthweight,  born  at  or  transferred  to  Yale- 
New  Haven  Hospital  within  24  hours  of  birth,  were 
reviewed  retrospectively.  Records  of  241  infants, 
covering  the  period  January  1,  1976  -  July  1,  1980 
were  reviewed.  Of  those  241  infants,  42  infants  met 
the  study  criteria  (Table  4) .  Twenty  three  infants 
were  fed  Enfamil  20  with  Iron  formula;  19  infants 
were  fed  Enfamil  Premature  formula.  Descriptions 
of  these  infants  appear  in  Appendices  2  and  3. 

Each  infant's  hospital  course  was  reviewed 
from  birth.  Data  was  collected  from  the  time 
birthweight  was  regained  and  maintained  until  the 
time  of  discharge  from  the  Newborn  Special  Care  Unit 
or  until  body  weight  was  >  1800  grams. 

The  conventional  method  of  feeding  consisted  of 
administration  of  formula  in  small  but  increasing 
amounts,  depending  on  the  clinical  condition,  and 
generally  starting  on  the  second  day  of  life.  The 
amount  of  feeding  was  gradually  increased  to  a  minimum 
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of  120  kcal/kg/d  or  until  adequate  weight  gain 
occurred.  Routine  hospital  records  were  kept 
regarding  clinical  status,  feeding  patterns, 
formula  type  and  volume  ingested,  supplemental 
nutrition  (corn  syrup,  medium  chain  triglyceride 
oil,  water,  saline,  glucose),  vitamins  and 
medications . 

A  time  interval  of  seven  days  was  selected 
for  which  the  daily  values  were  averaged  in  an 
attempt  to  dampen  minor  variations  in  daily  feeding 
or  body  weights,  while  retaining  sensitivity 
during  a  stage  of  rapid  change  and  growth  by  each 
infant.  Each  seven  day  average  of  daily  weights 
and  volumes  ingested  subsequently  constituted  the 
raw  data  for  that  infant  during  that  time  period. 
Calculations  were  then  made  to  determine  intake  in 
terms  of  average  kcal/kg/d  during  that  interval, 
as  well  as  average  weight  gain  in  terms  of 
grams/day  and  grams/kg/d.  (Tables  5  and  6) 

Specific  nutrient  intakes  for  protein,  sodium, 
chloride,  potassium,  calcium,  phosphorus , and 
magnesium  were  then  calculated  using  the  content 
information  provided  by  the  manufacturers. 

(Appendix  4)  For  those  infants  receiving  medium 
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chain  triglyceride  oil  its  caloric  contribution 
was  included.  Using  the  values  for  each  nutrient 
predicted  by  the  factorial  method  (as  presented 
in  Table  3),  estimates  of  nutrient  requirements 
were  made,  based  on  the  average  body  weight  of 
the  infant  during  each  period.  The  actual  amount 
ingested  was  then  considered  as  a  fraction  of 
the  predicted  requirement.  (Tables  7  and  8) 

Similar  calculations  were  done  for  a  hypo¬ 
thetical  infant  representative  of  the  two  body 
weight  groups  employed  by  Ziegler,  et  al.  (37) 

Each  formula  was  evaluated  by  calculating  the 
fraction  of  each  nutrient  requirement  provided 
at  each  caloric  intake  level.  (Table  9)  Students' 
t~  test  was  used  to  test  significance  where 


indicated . 


IV.  RESULTS 


Although  clinical  status  was  considered  from 
birth,  data  on  each  infant  was  collected  and  analyzed 
only  from  the  time  that  birthweight  was  regained 
and  maintained.  Most  infants  experienced  a  variable 
period  of  initial  weight  loss  before  weight  gain 
began,  resulting  in  the  infants'  entering  the  study 
at  different  post-natal  ages.  (Appendices  1  and  2) 

Keeping  the  two  formula  groups  separate,  the 
data  derived  from  each  infant  was  pooled.  Compar¬ 
isons  of  the  two  formula  groups  were  made. 

1.  Infants  in  the  Enfamil  20  group  were  born 
earlier.  The  two  groups  generally  represented 
different  time  intervals,  Enfamil  20  (1975-1977) 
and  Enfamil  Premature  (1977-1979).  This  fact  re¬ 
flects  the  standard  feeding  practice  of  the  Newborn 
Special  Care  Unit,  with  a  change  in  the  standard 
formula  used  during  the  years  included  in  the  study. 

2.  The  two  infant  groups  did  not  differ  with  respect 
to  birthweight.  Enfamil  20  and  Enfamil  Premature 
group  average  birth  weights  +  S.E.M.  were  1310  ±  156 
grams  and  1280  ±l88grams,  respectively,  ( cq\ 
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3.  The  two  infant  groups  did  not  differ  with 
respect  to  entry  age.  Enfamil  20  and  Enfamil 
Premature  average  entry  ages  were  ten  days  and 
eight  days  respectively.  (P>.08) 

As  shown  in  Tables  10  and  11,  the  two  sets 
of  pooled  data  from  each  formula  group  were  re¬ 
grouped  according  to  body  weight  and  normalized 
caloric  intake.  By  this  schema,  each  infant 
could  be  expected  to  contribute  data  points  to  letter 
divisions  (ArB,C)  representing  increasing  body 
weights  as  it  grew,  with  the  possibility  of  also 
changing  number  divisions  (1,2,3)  representing 
increasing  caloric  intake,  if  its  feeding  pattern 
varied.  Likewise,  an  infant  could  contribute  more 
than  one  data  point  to  a  given  class,  if  it  was 
appropriate  by  weight  and  intake  for  longer  than 
a  single  seven  day  time  period.  Therefore,  each 
class  was  composed  of  a  variable  number  of  infants 
each  contributing  a  single  weekly  value,  occasionally 
contributing  two  weekly  values,  resulting  in  a 
heterogeneous  base  for  each  class. 

As  shown  in  Tables  10  and  11  this  grouping  by 
weight  and  caloric  intake  resulted  in  each  class 
not  being  populated  by  comparable  numbers  of  infants. 
However,  values  representative  of  each  class  were 
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obtained.  This  grouping  revealed  that  few  small 
infants  of < 1000  gram  were  included  in  the  study, 
likely  due  to  the  stringency  of  the  criteria  of 
"healthy,  growing  premies."  (One  infant  yielding 
one  weekly  data  point  was  found  in  each  formula 
group.)  In  addition,  only  a  single  Enfamil  20 
infant  fell  into  the  <120  kcal/kg/d.  This  is 
consistent  with  the  standard  practice  of  providing 
caloric  intakes  between  120-150  kcal/kg/d.  Larger 
amounts  of  data  were  available  in  the  remaining 
classes . 

The  fractions  of  the  estimated  requirement  for 
each  nutrient  were  averaged  within  each  class. 

(Tables  12  and  13)  A  dietary  intake  was  considered 
deficient  with  respect  to  a  specific  nutrient  if  it 
failed  to  provide  at  least  0.90  of  the  estimated 
daily  requirement. 

Intake  of  Enfamil  20  was  inadequate  with 
respect  to  protein,  sodium,  calcium  and  phosphorus 
for  some  infants.  From  Table  12  it  can  be  seen  that 
Enfamil  20  failed  to  provide  adequate  protein 
(Class  A-l)  at  the  lowest  caloric  intake  (120  +  10 
kcal/kg/d)  for  the  smallest  infants  (1000-1250  g)  ; 
protein  intake  becomes  adequate  when  caloric  intake 
is  increased.  Of  note,  120  kcal/kg/d  is  an  acceptable 
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caloric  intake  by  current  standards,  falling 

at  the  low  end  of  present  feeding  practices  of 
120-150  kcal/kg/d.  Enfamil  20  failed  to  provide 
adequate  sodium  for  infants  of  all  weight  divisions 
at  the  lowest  caloric  intake  (Classes  A-l,  B-l,  C-l) . 
It  remained  inadequate  for  the  smallest  infants,  at 
the  higher  caloric  intake  of  140+10  kcal/kg/d 
(Class  A-2) ,  becoming  adequate  for  the  larger 
infants  (Class  B-2,  C-2)  at  that  caloric  intake 
level.  It  was  adequate  for  sodium  for  infants  of 
all  weight  divisions  at  the  highest  caloric  intake 
150  kcal/kg/d  (Classes  A-3,  B-3,  C-3).  Calcium 
and  phosphorus  values  parallel  each  other;  Enfamil  20 
failed  to  provide  adequate  calcium  or  phosphorus  for 
all  weight  divisions  at  all  levels  of  caloric  intake. 
Increasing  caloric  intake  lessened  the  inadequacy, 
but  failed  to  eliminate  it.  Enfamil  20  provided 
adequate  chloride,  potassium,  and  magnesium  for 
infants  in  all  weight  divisions  at  all  levels  of 
caloric  intake. 

Similar  results  regarding  nutrient  adequacy  of 
Enfamil  20  feeding  were  obtained  by  calculations  for 
a  hypothetical  infant.  (Table  9)  The  caloric  level 
at  which  adequacy  is  achieved  by  Enfamil  20  feeding 
is : 
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800-1200  g 

1200-1800  g 

Infant 

Infant 

(kcal/kg/d)  (kcal/kg/d) 


Protein 

140 

120 

Na 

* 

140 

Cl 

120 

100 

k 

100 

100 

Ca 

* 

* 

P 

* 

* 

Mg 

120 

100 

*not  within  100-150  kcal/kg/d  range 

Enfamil  Premature  formula  can  be  assessed 
similarly.  The  results  (Table  13)  show  that  intake 
of  Enfamil  Premature  was  inadequate  with  respect  to 
sodium  and  phosphorous  for  some  infants.  Inadequate 
sodium  was  provided  in  all  w7eight  divisions  at  all 
levels  of  caloric  intake,  except  for  the  intermediate 
weight  division  (1250-1500  g)  at  the  150  kcal/kg/d 
level  (Class  B-3) .  Increasing  caloric  intake  lessens 
the  deficiency,  but  corrected  the  inadequacy  only  in 
the  weight  division  cited.  Phosphorous  intake  for 
infants  of  all  weight  divisions  was  inadequate  at  all 
caloric  intake  levels.  Enfamil  Premature  provided 
adequate  protein,  chloride,  potassium,  calcium  and 
magnesium  for  infants  in  all  weight  divisions  at 
all  levels  of  caloric  intake. 

Again  by  considering  calculations  for  a 
hypothetical  infant  (Table  9),  the  caloric  level  at 
which  nutrient  adequacy  is  achieved  by  Enfamil 


Premature  is: 
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8 0  0-12  0 Q  g 

3.2 Q 0—18 0  0  g 

Infant 

Infant 

(kcal/kg/d) 

(kcal/kg/d) 

Protein 

120 

100 

Na 

* 

150 

Cl 

110 

100 

k 

100 

100 

Ca 

110 

100 

P 

* 

* 

Mg 

100 

100 

*  not  within 

100-150  kcal/kg/d 

range 

V. 


DISCUSSION 


To  meaningfully  consider  the  results  of  the  study 
per  se,  a  process  of  evaluation  of  the  fundamental 
concepts  from  which  the  study  evolved  must  be  under¬ 
taken  as  well.  This  discussion  will  therefore  proceed, 
considering : 

1.  Theoretical  estimates  of  nutrient 
requirements — the  range  of  appli¬ 
cability  and  the  limitations; 

2.  The  reference  fetus  model — the 
assumptions  and  the  limitations; 

3.  The  results  of  the  study. 

In  the  absence  of  experimental  evidence  by 
which  to  direct  management,  approaches  based  in 
theory  are  not  only  acceptable  but  necessary  in 
clinical  practice.  Such  is  true  in  the  area  of 
LBW  infant  nutrition.  Until  firmer  evidence 
exists  theoretical  approaches  will  continue  to 
contribute  to  newborn  care.  However,  the  limits 
of  theoretical  approaches  must  be  appreciated. 

In  introducing  the  factorial  model, 

Ziegler,  et  al.,  propose  it  to  apply  to  all  LBW 
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infants  undergoing  rapid  growth,  regardless  of 
preceding  in-utero  growth  patterns,  (i.e.  small 
for  gestational  age  babies),  contending  that  an 
attempt  to  define  separate  nutritional  requirements 
for  S.G.A.  infants  is  unwarranted  in  light  of 
inadequate  information  regarding  this  subgroup. 
However,  given  the  known  differences  in  physiology, 
body  composition  and  growth  patterns,  (23)  estimates 
of  nutrient  requirements  lose  accuracy  by  giving  up 
specificity.  Therefore,  estimated  requirements 
should  not  be  generalized  to  include  infants  other 
than  those  appropriate  for  gestational  age  unless 
specific  allowances  for  metabolic  differences  are 
included.  Because  the  factorial  model  does  not 
include  such  modifications,  the  present  study  was 
designed  to  include  only  infants  whose  in-utero 
growth  patterns  had  been  normal,  (i.e.  appropriate 
for  gestational  age) . 

Two  assumptions  explicitly  underlie  the  model, 
being  that  the  growth  rate  and  the  body  composition 
of  a  growing  infant  can  be  equated  to  that  of  the 
fetus.  Both  are  consistent  with  an  "intent  of  nature" 
post-natal  course.  However,  the  "intent  of  nature" 
stance  has  been  questioned  (21,22)  by  those  who 
suggest  that  inevitable  differences  result  from  the 
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birth  process,  and  that  the  LBW  infant  cannot  be 
considered  an  extra-utero  fetus.  However,  even  in 
granting  the  "intent  of  nature"  one  must  appreciate 
the  limits  of  our  knowledge  of  such.  The  optimal 
growth  rate  has  yet  to  be  determined.  A  post¬ 
natal  growth  rate  approaching  that  in-utero  is 
accepted  as  desirable  by  most,  and,  therefore, 
Ziegler's  inclusion  is  tenable.  Regarding  the 
assumption  that  the  composition  of  growth  in  the 
infant  should  parallel  that  of  the  fetus,  one  can 
again  take  issue  with  the  desirability  of  such, 

(i.e.  the  infant  is  not  an  extra-utero  fetus).  In 
addition,  one  can  question  the  likelihood,  if  not  the 
possibility,  of  such  occurring.  Studies  relating 
composition  of  formulas  to  body  composition  (28) 
have  shown  unequivocal  influence  of  diet  on  body 
composition.  Infant  chemical  growth  paralleling 
that  of  the  fetus  may  indeed  be  desirable,  in  keeping 
with  the  "intent  of  nature,"  and  it  may  even  be 
achievable  with  some  formulas.  However,  one  cannot 
conclude  that  merely  because  an  infant  is  growing  that 
his  body  composition  is  paralleling  that  in-utero 
without  direct  evidence  of  such. 

Regarding  the  reference  fetus  model,  (55)  in 
selection  from  published  analyses,  only  these  where 
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assessment  of  gestational  age  and  of  in-utero  condi^ 
tions  were  made  were  included  by  Ziegler,  et  al. 
Consideration  of  in-utero  conditions  known  to  effect 
growth  (e.g.  infants  of  diabetic  mothers,  infants 
with  intra-utero  growth  retardation  secondary  to 
malnutrition)  as  well  as  careful  consideration  of 
gestational  age  reflected  an  attempt  to  select  a 
group  of  fetuses  representative  of  the  normal  fetus. 
Although  not  stated,  the  concept  of  appropriate  for 
gestational  age  underlies  this  process.  Also 
consistent  is  their  use  of  gestational  age  and  body 
weight  interchangeably,  which  is  acceptable  if 
infants  are  appropriate  for  gestational  age.  Fur¬ 
thermore,  the  subsequent  manipulation  of  data  to 
correct  the  body  weight  to  agree  with  that  of  the 
corresponding  gestational  age,  as  predicted  by  the 
Kloosterman  curve,  again  reflects  an  appropriate 
for  gestational  age  concept.  However,  the  need  for 
this  correction  is  troublesome.  Reviewing  the 
evidence,  of  the  22  fetuses  from  which  the  reference 
fetus  composition  data  was  derived,  all  but  two  had 
body  weights  less  than  the  50th  percentile  for  the 
gestational  age  they  were  assigned.  (1)  A  number 
of  explanations  exist.  Considering  the  original 
analyses,  the  information  reported  regarding  ges- 
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tational  age  may  have  been  incorrect.  Similarly 
Ziegler's  estimates  of  gestational  age  based  on  fetal 
length  may  not  have  been  correct.  Alternatively,  the 
designated  gestational  age  may  have  been  correct,  but 
the  infants  may  have  fallen  significantly  below  the 
norm  for  body  weight.  Although  some  attempts  were 
made  to  exclude  fetuses  known  to  have  experienced 
abnormal  in-utero  conditions,  it  is  possible  the 
included  fetuses  did  not  represent  A.G.A.  infants. 
Lastly,  there  is  the  possibility  of  a  secular  trend 
toward  greater  weight  explaining  the  discrepancy;  this, 
however,  Ziegler  dismisses  as  unsubstantiated  in  fact. 
(55)  However,  the  need  to  correct  the  body  weight 
upward  to  agree  with  gestational  age  suggests  either 
the  infants  were  incorrectly  dated  or  not  representa¬ 
tive  of  normal.  Although  the  method  employed  in 
developing  the  reference  fetus  model  appears  sound, 
composition  data  on  a  large  number  of  accurately 
dated  fetuses  is  needed  to  confirm  or  correct  the 
present  model. 

In  discussing  the  estimated  requirements,  one 
must  first  appreciate  that  estimates  derived  by  a 
factorial  approach  possess  the  uncertainties  of 
each  of  the  factors  from  which  they  were  derived. 

Errors  or  uncertainties  from  any  step  in  the  process 
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are  carried  through  to  the  final  estimate  and 
cumulatively  limit  its  accuracy.  From  this 
perspective,  the  importance  of  the  reference 
fetus  compositional  data  to  the  final  estimated 
requirements  is  shown  by  the  relative  weight  of 
growth  and  nongrowth  factors.  (Table  3)  Values 
assigned  for  growth  necessarily  carry  the  uncer¬ 
tainties  of  the  reference  fetus  model,  as  discussed 
above . 

Turning  lastly  to  the  study,  its  results  can  be 
considered  roughly  as  showing  adequate  intake  with 
respect  to  some  nutrients,  and  inadequate  intake 
with  respect  to  others.  Similar  results  regarding 
formula  adequacy  are  obtained  by  applying  the 
factorial  model  estimates  to  a  hypothetical  infant 
at  average  body  weight  of  1000  g  and  1500  g,  as 
shown  in  Table  9. 

The  study  showed  the  adequacy  of  conventional 
infant  formula  feeding  for  a  number  of  nutrients. 

For  Enfamil  20,  chloride,  potassium  and  magnesium 
were  adequate  for  all  infants  at  all  levels  of  caloric 
intake.  For  Enfamil  Premature,  chloride,  potassium, 
calcium  and  magnesium  were  adequate  at  all  levels  of 
caloric  intake.  Because  of  the  objections  previously 
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discussed,  the  agreement  between  the  model's 
estimate  and  actual  intake  for  various  nutrients 
cannot  be  construed  as  proof  either  of  the  model's 
validity,  or  of  the  actual  nutritional  adequacy  of 
the  formulas.  The  limitations  of  the  theoretical 
approach  previously  presented  point  out  the  necessity 
of  well-controlled  clinical  studies  directed  at 
nutrition  and  metabolism  to  provide  such  proof. 

In  some  cases,  a  formula  that  is  not  adequate 
for  a  given  nutrient  at  an  acceptable  caloric  intake 
120  kcal/kg/d  becomes  adequate  at  higher  caloric 
intakes.  Table  9  shows  this  occurring  for  Enfamil  20 
for  protein  (800-12  0  gr  infant)  and  for  sodium 
(1200-1800  gr  infant).  For  Enfamil  Premature,  this 
occurs  for  sodium  (1200-1800  gr  infant) .  One  might 
therefore  speculate  that  formula  inadequacy  could  be 
eliminated  by  increasing  the  feedings.  In  these 
cited  cases,  adequacy  could  be  achieved.  However, 
increasing  feeding  to  achieve  increased  intake  has 
unacceptable  consequences,  in  terms  of  exceeding  the 
limited  gastric  capacity  of  the  infant,  leading  to 
spitting  up,  as  well  as  serious  medical  complications. 
High  volume  feeding  has  been  associated  with  patent 
ductus  arteriosus  and  congestive  heart  failure  (  5  ) 
as  well  as  necrotizing  enterocolitis  (  4  )  .  In 
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addition,  Table  9  shows  that  for  some  nutrients 
increasing  the  formula  intake  to  150  kcal/kg/d 
still  does  not  provide  the  requirements,  with  the 
problem  lying  in  formula  composition.  Therefore, 
in  light  of  the  increased  risk  of  life-threatening 
complications,  increased  feeding  seems  unreasonable, 
justifying  changes  in  formula  content  to  safely 
meet  infant  nutrient  needs. 

Attempting  to  explain  the  results  showing 
nutrient  inadequacy,  the  disparities  between  the 
intakes  and  estimated  requirements  are  consistent 
with : 

1.  the  predictions  over-estimate 
infant  needs; 

2.  deficiencies  do  exist  when 
conventional  infant  formula 
is  the  major  nutrient  source 

Of  note,  no  evidence  of  deficiency  was  present 

clinically;  however,  no  special  tests  or  evaluations 

were  performed  so  subclinical  deficiencies  cannot 

be  excluded.  In  defense  of  the  model,  one  could 

argue  that  the  infants  were  not  growing  rapidly 

enough  for  the  model  to  be  applicable  .  Ziegler, 

et  al.,  propose  the  model  to  apply  to  "rapidly 

growing  infants,"  and  assume  that  an  in-utero 

growth  rate  is  desirable.  According  to  the  reference 
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fetus  model's  growth  rate  during  weeks  26-28 
(corresponding  to  the  infant  weighing  800-1200  g) 
is  18.6  g/d,  in  this  case  equal  to  18.6  g/kg/d, 
considering  average  body  weight  of  1000  g  during  the 
period.  During  weeks  29-31,  (corresponding  to  the 
infant  weighing  1200-1800  g) ,  the  growth  rate  is 
23.3  g/d  or  15.5  g/kg/d,  considering  an  average 
body  weight  of  1500  g  during  the  period.  However, 
Ziegler,  et  al,,  do  not  specify  that  such  a  growth 
rate  is  required  for  the  accuracy  of  their  estimates 
nor  do  they  specify  a  lower  limit  of  growth  rate 
below  which  the  model  does  not  apply.  Because 
this  was  not  specified,  clinical  evidence  that  the 
infant  was  growing  appropriately  was  accepted  as  the 
only  stipulation  regarding  growth  rate.  However, 
because  of  the  factorial  method  wherein  allocations 
are  made  for  growth  and  nongrowth,  a  decrease  in 
the  requirement  for  growth  due  to  a  slower  rate  of 
accumulation  in  body  tissues  would  necessarily 
decrease  total  requirements.  In  such  a  case  of 
slower  growth,  the  predicted  requirements  would 
over-estimate  the  infant's  requirements,  and  formula 
adequacy  might  be  present,  contrary  to  calculations 
based  on  a  greater  growth  rate.  Because  of  the  model's 
lack  of  definition  in  this  regard,  evaluation  of  the 
data  did  not  take  into  account  growth  rate. 
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Incidentally  of  note  regarding  growth  rate,  however, 
is  the  variation  in  weight  gain  by  an  infant  during 
the  weekly  periods  when  at  equivalent  intake 
(kcal/kg/d) ,  as  seen  in  Tables  5  and  6.  Likewise, 
variation  in  weight  gain  between  infants  otherwise 
similar  in  regard  to  body  weight  and  caloric  intake 
is  evident. 

Table  3  shows  that  substantial  fractions  of  the 
total  estimated  requirement  are  allocated  for  growth. 
Considering  those  nutrients  found  to  be  inadequate 
fractions  allotted  for  growth  are:  protein  -  0.72, 
sodium  -  0.52,  calcium  -  0.94  and  phosphorus  -  0.58 
(averaging  the  values  for  the  two  infant  weight  groups). 
These  fractional  values  reflect  both  the  magnitude 
of  the  contribution  of  the  reference  fetus  to  the 
final  estimate,  as  well  as  the  magnitude  of  the 
assumption  that  the  infant  is  "growing  rapidly," 
albeit  at  an  unspecified  rate. 

Regarding  the  nongrowth  factors,  the  literature 
on  dermal  losses  of  nutrients  remains  minimal,  with 
the  cited  values  remaining  the  best  estimates;  however, 
one  must  appreciate  that  the  values  of  Swanson  and 
lob  (51)  represent  three  determinations  at  weekly 
periods  on  a  single  premature  infant  at  a  body  weight 
of  2500  grams.  Further  interpretation  of  the  results 
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requires  separate  consideration  of  protein,  sodium 
and  calcium  and  phosphorus. 

Protein 


For  protein,  the  study  showed  that  nutrient 
inadequacy  is  present  only  for  Enfamil  20  for  the 
smallest  infants  at  the  lowest  levels  of  caloric 
intake,  the  inadequacy  being  corrected  as  intake 
increased.  This  suggests  that  the  protein  content 
of  Enfamil  20  is  only  slightly  below  acceptable. 
However,  the  objections  to  increased  feeding  as  a 
general  way  to  eliminate  formula  inadequacy  have 
been  presented  previously. 

Throughout  this  study,  only  quantity  of  nutrient 
has  been  considered,  disregarding  quality  of  the 
nutrient.  This  was  done  purposely,  as  the  factorial 
model  assumes  the  protein  to  be  of  adequate,  if  not 
optimal,  amino  acid  composition.  However,  the  best 
protein  for  infant  feeding  has  yet  to  be  determined. 
This  assumption  regarding  protein  quality  simplifies 
the  predictions  although  ignoring  a  body  of  literature 
that  stresses  its  importance.  Because  of  the  metabolic 
pecularities  of  premarity,  certain  amino  acids  may 
be  essential  in  LBW  infants;  evidence  implicating 
cystine  and  tyrosine  continues  to  accumulate. 
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Another  separate  aspect  of  protein  quality  is  the 
whey/casein  ratio,  the  extent  to  which  the  formula 
mimics  human  milk  or  cow's  milk,  leading  to  a  whole 
set  of  questions  regarding  weight  gain  and  undesirable 
metabolic  side  effects.  These  issues  go  beyond  the 
limits  of  this  thesis,  but  the  model's  simplifica¬ 
tion  of  the  protein  requirement  should  be  appreciated. 

The  literature  abounds  with  reports  attempting 
to  determine  the  appropriate  protein  intake  for  the 
premature  infant,  attempting  to  expedite  growth  while 
minimizing  metabolic  consequences.  Optimal  intake 
would  seem  to  be  between  2.25  and  5.0  g/kg/d  for 
cow's  milk  formulas.  Of  note,  the  requirement  as 
estimated  by  the  factorial  model  falls  within  this 
range . 

To  provide  some  historical  perspective,  the 
protein  question  began  over  30  years  ago  when 
Gordon  (19)  showed  better  gain  by  premature  infants 
on  cow's  milk  (with  higher  protein  content)  than  on 
human  milk.  However,  the  issue  subsequently  became 
complicated  by  questions  of  greater  electrolyte 
intake  contributing  to  water  retention  and  changes 
in  body  composition  to  account  for  differences  in 
weight  gain.  (11,  28)  Babson  and  Bramhall,  (2) 
using  four  formulas  with  two  different  protein  contents 
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and  two  different  mineral  contents  found  greater 
weight  gain  at  the  higher  protein  level  when  the 
mineral  intake  was  moderate.  The  current  rec¬ 
ommendations  of  2.25-5.0  g/kg/d  are  based  on  studies 
with  protein  intakes  ranging  from  1.7  to  9.0  g/kg/d. 
Representative  examples  follow.  Davidson's  study  (11) 
of  formula-fed  infants  of  <T  1500  g  showed  less  rapid 
weight  gain  when  protein  content  was  1.7  g  than  when 
2.5  g/100  kcal.  In  contrast  studies  by  Raiha  (38) 
comparing  breast  milk  and  formulas  that  varied  both 
the  quantity  and  quality  of  protein  showed  equal 
growth  rates  on  lower  intakes  of  protein  (pooled 
human  milk  with  1.1  g  protein  in  67  cal/100  ml 
compared  to  cow's  milk  with  1.5  g  and  3.0  g  protein); 
in  addition,  amino  acid  imbalances,  azotemia,  and 
metabolic  acidosis  were  less.  Similarly,  Davies  (12) 
compared  premature  infants  fed  pooled  breast  milk 
(1.1  g  protein  in  71  cal/100  ml)  with  those  fed 
formula  (2.7  g  protein  in  70  cal/100  ml),  finding 
no  difference  in  weight  gain  in  the  subgroup  or 
greater  gestational  age  (33-36  wks),  but  finding 
greater  weight  gain  in  the  younger  subgroup 
(28-32  wks)  ingesting  the  higher  protein  formula. 

High  protein  intakes  (>  6  g/kg)  have  been  found 
unacceptable,  not  leading  to  greater  weight  gain  and 
being  accompanied  by  undesirable  consequences  such 
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as  hyperpyrexia,  lethargy,  elevated  BUN,  diarrhea, 
edema,  as  well  as  elevated  plasma  amino  acid  levels. 
(1) 


Although  statements  regarding  the  extremes  of 
protein  intake  can  be  made,  the  plentitude  of  data 
is  not  interpretable.  Overall,  it  lacks  cohesive¬ 
ness,  being  diverse  in  clinical  setting,  subject,  types 
or  inclusion  of  controls,  as  well  as  with  respect  to 
the  many  variables  in  the  formulas  being  compared, 
in  terms  of  qualities  and  quantities  of  protein,  fat, 
carbohydrate,  minerals  and  vitamins.  Conclusions 
can  only  be  made  when  well-designed  and  controlled 
studies  address  these  points.  Meanwhile,  Ziegler's 
protein  estimates  appear  accurate,  and  the  results 
suggest  that  Enfamil  20  does  not  provide  adequate 
protein  for  all  low  birthweight  infants  at  ac¬ 
ceptable  levels  of  caloric  intake. 

Sodium 

Estimated  urinary  losses  for  sodium  are  1.21 
and  1.81  meq/d  for  the  two  infant  groups,  citing 
work  by  Roy.  (40)  Although  Roy  included  no  mea¬ 
surements  of  absorption,  hyponatremia  (serum 
SodiunUl30  meq/d)  developed,  in  approximately 
one-third  of  the  health  very  low  birthweight 
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infants  when  receiving  2  meq/kg/d  and  was  cor¬ 
rected  by  3  meq/kg/d,  without  compositional 
changes  in  total  body  water  or  extracellular 
volume;  therefore,  presumably  the  requirement 
is  greater  than  2  but  less  than  3  meq/kg/d,  which 
approximates  the  requirement  as  estimated  by 
Ziegler  (3.22  and  4.08  meq/d  for  the  two  infant 
groups ) . 

According  to  the  results,  a  deficiency  of 
sodium  is  present  for  both  formulas  at  the  lower 
caloric  intake  levels  in  all  weight  groups;  the 
deficiency  lessens  as  caloric  intake  is  increased, 
becoming  adequate  at  high  levels  for  the  larger 
infants.  However,  as  previously  discussed,  in¬ 
creasing  the  nutrient  intake  by  increasing  volume 
or  frequency  of  feeding  is  often  not  clinically 
acceptable.  Although  the  results  would  predict 
the  occurrence  of  such  among  both  the  Enfamil  20 
and  Enfamil  Premature  groups,  none  was  clinically 
evident.  However,  subtle  consequences  may  have 
occurred.  Chance  (9)  showed  supplementation  of 
low-sodium  formulas  to  approximately  3  meq/kg/d 
resulted  in  increased  weight  gain  approaching 
that  in-utero.  The  infants  studied  were  all 
judged  to  be  growing  satisfactorily,  but  one 
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could  hypothesize  improved  growth  with  sodium 
intake  approaching  the  estimated  requirement. 

Sodium  balance  in  premature  infants  also 
includes  other  aspects  of  newborn  function.  Sodium 
homeostasis  and  acid  base  regulation  are  inter¬ 
related.  Sulyok  (50)  postulates  that  high  urinary 
sodium  excretion  is  linked  to  low  renal  H+  ex¬ 
cretion  and  low  bicarbonate  reabsorption,  and  that 
as  the  renal  acidifying  capacity  increases,  Na+  -  H+ 
exchange  increases  with  decreased  sodium  losses. 

This  suggests  that  sodium  intake  in  conjunction  with, 
protein  intake  and  its  consequent  H+  load  may  effect 
sodium  balance.  Further  well  controlled  studies  in 
this  area  are  needed. 

Calcium  and  Phosphorus 

Citing  Day  (13),  Shaw,  (43)  and  Baltrop,  (3) 
Ziegler  estimated  urinary  losses  as  4  and  6  mg/kg/d 
for  calcium  and  as  53  and  70  mg/kg/d  for  phosphorus. 
Roy's  balance  studies  comparing  non-calcium  supple¬ 
mented  and  calcium-supplemented  premature  infants 
found  urinary  excretions  for  calcium  and  phosphorus 
of  0.17  meq/kg/d  (6.8  mg/kg/d)  and  30  mg/kg/d 
respectively  in  the  non-calcium  supplemented  formula- 
fed  group. 


The  values  selected  by  Ziegler  are  slightly 
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lower  for  urinary  calcium  losses  and  higher  for 
urinary  phosphate  losses.  Ziegler's  absorption 
estimate  (65%)  corresponds  to  Roy's  value  (70%). 

If  there  were  increased  absorption  of  both  calcium 
and  phosphorus,  the  calculated  deficiencies  would 
be  lessened,  but  one  would  not  expect  full  compen¬ 
sation  for  the  inadequacies  of  the  formula  for  both 
calcium  and  phosphorus  in  Enfamil  20,  and  for  phos¬ 
phorus  only  in  Enfamil  Premature.  The  fact  that  the 
deficiency  persists  at  all  levels  of  caloric  intake 
indicates  the  deficiency  is  due  to  formula  composi¬ 
tion  and  cannot  be  corrected  by  increasing  the  feedings. 

Skeletal  mineralization  has  become  an  issue  of 
importance  in  the  management  of  LEW  infants  who,  now 
surviving  and  growing,  go  on  to  develop  rickets.  Pos¬ 
sible  etiologies  are  multiple: 

1.  deficiencies  of  calcium  (34,  40)  phos¬ 
phorus  (33)  or  Vitamin  D,  (10)  on  the 
basis  of  inadequate  intake  or  absorption; 

2.  inadequate  metabolism  of  Vitamin  D,  (32); 

3.  mucosal  cell  refractoriness  to  Vitamin  D 
due  to  immaturity.  (43) 

Rickets  have  been  attributed  to  inadequate  intake  of 
calcium,  (30,  34)  and  of  phosphorus,  (33,  41)  with  the 
suggestion  of  a  contribution  by  relative  Vitamin  D 
deficiency  on  the  basis  of  immature  liver  hydroxylation 
pathways.  (34) 
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Given  the  complex  interaction  of  calcium,  phos¬ 
phorus,  and  Vitamin  D,  and  its  various  active  forms, 
and  the  disputed  effect  of  the  quantity  and  quality  of 
dietary  fat  on  calcium  absorption,  balance  studies 
including  measurements  of  these  variables  are  needed, 
which  would  allow  a  more  critical  evaluation  of 
Ziegler's  estimates,  as  well  as  allowing  a  better  under¬ 
standing  of  this  physiology  in  the  LBW  infant. 


VI .  SUMMARY 


Current  nutritional  recommendations  for  low  birth- 
weight  infants  which  hope  to  achieve  growth  rates  approx¬ 
imating  those  in-utero  are  based  on  the  experimental 
evidence  extant  with  supplemental  theorization.  Ziegler, 
et  al. ,  have  developed  the  major  theoretical  model  for 
estimating  nutrient  requirements,  employing  a  facto¬ 
rial  approach  and  relying  on  values  from  the  "reference 
fetus,"  their  model  of  the  chemical  composition  of 
growth  of  a  hypothetical  fetus,  resulting  in  estimates 
of  the  requirements  for  protein  and  major  minerals.  To 
assess  their  estimates  with  respect  to  "growing  healthy 
premies"  in  a  standard  clinical  setting,  the  estimated 
requirements  were  compared  to  actual  intakes.  Records 
of  42  A.G.A.  low  birth  weight  infants  who  were  formula- 
fed  either  Enfamil  20  with  Iron  or  Enfamil  Premature 
(both  by  Mead  Johnson  and  Co.)  during  the  period  1975- 
1980  were  studied,  meeting  criteria  seeking  to  define 
a  group  of  healthy  growing  formula-fed  LBW  infants. 
Results  showed  that  the  formulas  did  not  provide  all 
the  requirements  as  estimated  by  Ziegler,  et  al.,  when 
fed  at  standard  levels  of  caloric  intake  (120-150 
kcal/kg/d) .  A  formula  was  considered  inadequate  for  a 
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given  nutrient  when  at  a  given  calorie  intake  it 
provided  less  than  .90  of  the  estimated  requirement. 
Results  for  Enfamil  20  with  Iron  showed  that  it  did 
not  provide  adequate  protein,  sodium,  calcium,  and 
phosphorus  for  all  infants  at  standard  caloric  intakes; 
Enfamil  20  with  Iron  did  provide  adequate  chloride, 
potassium,  and  magnesium  for  all  infants  at  standard 
caloric  intakes.  Results  from  Enfamil  Premature 
showed  that  it  did  not  provide  adequate  sodium  or  phos¬ 
phorus.  Enfamil  Premature  did  provide  adequate  protein, 
chloride,  potassium,  calcium  and  magnesium  for  all 
infants  at  all  standard  caloric  intakes.  Similar 
results  were  obtained  by  calculations  on  a  hypo¬ 
thetical  infant  at  various  levels  of  caloric  intake. 

None  of  the  infants  showed  clinical  evidence  of 
deficiency,  but  no  special  tests  or  evaluations  were 
performed.  Further  studies  are  needed  to  verify  or 
disprove  Ziegler’s  theoretical  estimates.  Ultimately 
direct  experimental  approaches  will  be  necessary  to 
define  nutrient  requirements  for  low  birthweight 


infants . 
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BODY  COMPOSITION  OF  THE  REFERENCE  FETUS 
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Figure  I 

Birth  weight  and  gestational  age  of  fetuses  used  to 
construct  the  reference  fetus  (dots).  The  interrupted  line 
indicates  the  regression  calculated  to  fit  the  data;  the 
solid  line,  representing  the  smoothed  50th  percentile  curve 
of  Kloosterman  (1970),  indicates  body  weight. 

From  Ziegler  et  al.  (55) 
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Figure  2.  Average  composition  of  weight  gain  of  reference 
fetus  during  four  successive  4-week  intervals. 
Numbers  indicate  percentages  of  gain  accounted 
for  by  components. 

From  Ziegler  et  al.  (55) 


BODY  COMPOSITION  OF  THE  REFERENCE  FETUS 
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Daily  Increments  of  Body  Weight  and  of  Body  Constituents  of  the  Reference  Fetus 


47 


CJ 


O* 

< u 


co  o  h  nnrifrinn<t'sf^<fHiv,n 

CO  i— I  r—l  r1— I  r—l  i— I  r—l  i—l  t— I  r— I  i— I  r—l  r—l  r— I  (*^) 


cr 

o 

6 


iA'CtoONO'oO'-|HN(n<f^no'0 

C  )  O  O  O  O  *— l  r—l  i—l  r— I  i — f  r — !  T — i  i— l  i—l  i — !  O 


WnmNNM»00fl'H!M<flOH'OO 

0>-(Mr-IHr-<r^r-lr-l(NJN(MN(Nr-lr-( 


60 

s 


oosfoofnmNO<foomoo'inH t-i  o 

»-HCMCMcococOvj-<j-<i-inMOM3r'-r~>NOtn 


0'stm\onff\NOi 

miA'ilNOOOOO'O 


CO  <fr  CM  Oh  CM 

CM  sf  vO  00  H 

i—l  i— I  i—(  i — I  CM 


v-4  r-  Oh 
i — i  Oh  r~. 
CM  i—l  i—l 


r—l 

<fr 

r-J 

OH 

Oh 

00 

CM 

r—l 

co 

00 

00 

T—l 

r—l 

m 

CM 

MO 

00 

o 

T“l 

CM 

00 

U0 

ON 

CM 

in 

o 

CM 

o 

i— 1 

r—l 

r—l 

r—l 

T— 1 

r—l 

T— I 

CM 

CM 

co 

CO 

CO 

CO 

CO 

incMvoorivOONNinO'vl' 


o  vO  <t  o 


o^HfMcMNNrm^-jininicunm 


iriNON(T'HOoooinNc,)Nri-j<fo 

cMvoofOLTir^ocMmOHCMvDooco<j-Ln 


i-Hi-ICMCMCMCMCOCOcncO<}-Mj-Mf<l-COCM 


l n 

LTl 


■U 

O’ 

iO 

o 

NO 

r—l 

co 

T— 1 

o 

v+ 

CO 

<r 

CO 

r=l 

jo 

£ 

• 

bO 

6b 

I—l 

n 

00 

r—l 

CM 

CO 

n 

r-*- 

o 

I—l 

<1- 

n 

r—l 

-O' 

r>* 

i— 1 

•r-l 

r—l 

r—l 

I—l 

CM 

CM 

CM 

CM 

CM 

CM 

co 

co 

CO 

CO 

CO 

CM 

*—j 

to 

<D 

3: 

U 

<u 

Sm 

CD 

r—l 

/■N 

bO 

I—l 

CO 

m 

MO 

00 

ON 

o 

r—l 

CM 

CO 

<t 

in 

MO 

CO 

ON 

o 

a) 

to 

-M 

CM 

CM 

CM 

CM 

CM 

CO 

co 

co 

CO 

CO 

co 

CO 

co 

co 

CO 

•r*l 

> 

<U 

1 

1 

9 

1 

1 

! 

9 

9 

1 

1 

! 

1 

! 

I* 

I 

• 

CO 

0) 

(U 

O' 

m 

M0 

r-^ 

00 

ON 

o 

r—l 

CM 

CO 

<t 

n 

M0 

CO 

OH 

bo 

0) 

£ 

CM 

CM 

CM 

CM 

CM 

CM 

oo 

CO 

co 

CO 

CO 

co 

co 

CO 

co 

CO 

E 

<c 

u 

W' 

O 

c 

M 

M 

Cn 

48 


C~l 

G 

*  ' 

X 

to 

H 


43 

X 

44 

e 

G 

3 

o 

44 

o 

•r-l 

CO 

Vi 

44 

o 

O 

CO 

30 

G\ 

1-4 

m 

00 

CM 

O 

o 

m 

<r 

03 

m 

vO 

CO 

t— 1 

Vi 

* 

• 

« 

• 

* 

• 

• 

Vi 

r— i 

O 

IX 

< 

34—4 

g 

x 

4-4 

44 

c 

>3 

X) 

0) 

43 

G 

6 

>3 

44 

CD 

CO 

xl 

CO 

Vi 

X 

0) 

•r-l 

CM 

CM 

r^ 

> 

•rt 

3 

Vi 

vD 

CM 

r- 

in 

00 

r— 1 

• 

•r-l 

u 

t r 

<D 

• 

• 

• 

• 

00 

vO 

CO 

V4 

C/3 

CD 

CX 

CO 

on 

CM 

CM 

j— 4 

r— 1 

G 

W 

03 

x 

03 

to 

0) 


r—4 

CD 

cO 

J— 1 

C 

4*5 

Vi 

cO 

o 

CO 

0) 

C 

•r=l 

44 

C 

*r4 

4J 

c 

•r4 

44 

ex  w 

* 

s 

03 

Vi 

f'- 

o 

o 

on 

in 

O 

o 

CD 

O 

4-1 

CO 

ON 

ON 

CO 

30 

00 

30 

Vi 

44 

CO 

o 

o 

C 

X 

•t-l 

M 

< 

CO 

<•— « 

CD 

6 

CD 

50 

50 

G 

X 

G 

C 

F— 1 

CO 

>3 

i—l 

G 

G 

G 

G 

G 

X 

C 

O 

•iM 

CD 

03 

O 

*i-4 

G 

G 

03 

Vi 

*r4 

00 

r— 1 

00 

1-4 

44 

44 

*1— 1 

o 

CD 

44 

X 

CM 

rH 

i— 1 

o 

G 

o 

Vi 

1-3 

Cl* 

G 

• 

• 

« 

• 

<!• 

CO 

44 

Vi 

C3 

3-/ 

44 

o 

|—l 

i— 1 

rH 

m 

CM 

03 

a. 

03 

CD 

CD 

00 

Vi 

50 

O 

03 

<4-4 

03 

/<-3. 

CD 

C/3 

>» 

CD 

CD 

CD 

G 

<D 

2 

43 

rH 

X 

S 

G 

G 

03 

i—l 

44 

B 

03 

Vi 

00 

r-* 

30 

o 

CM 

co 

C 

Vi 

o 

<D 

CM 

r— 1 

o 

r— 1 

l—l 

•rl 

CD 

i-3 

CX 

• 

• 

• 

« 

CM 

i—i 

l 

X 

a 

3^ 

X 

o 

o 

o 

o 

50 

a) 

50 

3 

r— 4 

3 

o 

43 

O 

Vi 

CO 

Vi 

X 

C/3 

X 

44 

•r-l 

44 

> 

44 

ON 

X 

c 

>1 

30 

CM 

CO 

CD 

CD 

G 

CM 

' — ' 

3 

S 

X 

v--* 

X 

CO 

CD 

CM 

CO 

CO 

r^ 

50 

c 

CO 

Vi 

Vi 

50 

<T) 

CM 

co 

30 

m 

CM 

G 

•r4 

a 

<D 

• 

• 

• 

• 

rH 

• 

O 

H 

c 

CX 

O 

CM 

7—1 

r-l 

o 

H 

CO 

o 

03 

w 

3—/ 

o 

00 

44 

CM 

f— 1 

G 

I—l 

G 

o 

B 

X 

o 

44 

CD 

o 

44 

r-s 

/— s 

Vi 

G 

•  *f\ 

oo 

50  <>— v 

O 

•iM 

0 

o 

50 

G 

B  op 

o 

3 

Vi 

o 

**“-*  G 

E  '-N 

w  s 

CM 

cr 

CX 

00 

50  g 

N-^  50 

<»/ 

t— 1 

G 

cx 

50 

G  w 

B 

03 

os 

G 

X 

3w* 

B 

S 

3  S 

44 

X 

N-'  G 

3 

X  3 

X 

X 

I—l 

50 

c 

X 

•1*4  B 

0  *rl 

50 

CD 

G 

•rl 

*r4 

E  *n3 

03  3 

X  03 

•iM 

44 

•rl 

CD 

G 

S  s 

03  *i-( 

CX  G 

G 

G 

Vi 

3= 

44 

•rl  O 

G  O 

03  C 

B 

O 

o 

X  r»4 

4J  r-l 

O  50 

•iM 

44 

>3 

Vi 

O  X 

O  G 

X  G 

>3 

4J 

a 

X 

ex 

CO  O 

CX  CJ 

ex  s 

X 

CO 

G 

o 

o 

w 

(X* 

03 

PQ 

CJCOO'iXS’MN 
r-**  <j-  <j-  cn  O'  m  in 


oo  ®  n  in  n- 

r-  o  *G*  -O’  1 — *  r— i  * 

•  •  •  •  m  i— i  f— i 

■sf  <t  ®  ®  N  N  H 


r-  o  O  cn  in  o  O 

00  ON  ON  CO  X  00  30 


O  r-l  f-  NO  o 

03  W  S  O  M3  O  * 

•  •  •  •  r^»  co 

r— i  *— 4  ( — 4 


m  O'  m  ® 

cm  o  •— •  r-t  co  cm  i 

•  •  •  • 

o  o  o  o 


Is-  O  O  <f  CO 
n  to  o  m  03  4 


CO 


C“N  50 
50  or 
c-\  G  B 
^  M  S 
50  G 

w  e  s 

'-'0  3 
X  -ft 


I 

•H 

X 

o 


50  /-s 
S  W) 
w  B 


ex  co  o  Ph  o 


S 

3 

•rdl 

Clj 

G 

a 

50 

to 

s 


w 

■u 

C 

CO 

iw 

C 

•H 

50 

O 

o 

CO 


o 

o 

CM 


X 

c 

to 

oo 


o 

o 

CM 


I 


o 


G 

X 

•u 


X 

O 


> 

•ft 

4-1 

CJ 

0) 

cx 

m 

g 

Vi 


•  * 

>3 

50 

G 

X 

O 

O 

50 

m 

i—l 

r— 4 

X 

G 

c 

O 

G 

50 

o 

cn 

O 

r— 1 

o 

o 

M-4 

1—1 

o 

M-4 

G 

o 

JS 

G 

44 

44 

X 

c 

50 

•rM 

•rl 

G 

G 

•r4 

X 

>r 

o 

X 

i—i 

o 

G 

X 

O 

50 

50 

C 

C 

•r-l 

•rH 

B 

S 

3 

3 

03 

03 

03 

03 

G 

G 

■5c  * 


From  O'Donnell  et  al.  (37) 


49 


Table  4 

INFANT  CRITERIA 

1.  Appropriate  for  gestational  age  (within  the  10-90  percent¬ 
iles  of  LutChenco's  curves  for  weight,  length  and  head  cir¬ 
cumference)  . 

a.  No  major  congenital  anomalies. 

b.  No  evidence  of  infection  or  sepsis  any  time  during 

hospitalization;*  (infants  in  whom  sepsis  was  ruled  out 
48  hours  after  culturing  were  not  excluded.) 

c.  No  gastro-intestinal  problems  (excessive  spitting  up, 
diarrhea,  necrotizing  entercolitis)  any  time  during  hos¬ 
pitalization.* 

d.  No  major  medical  or  surgical  problems  (congestive 
heart  failure)  any  time  during  hospitalization.* 

e.  No  ventilatory  support  for  a  period  of  more  than  24 
hours  any  time  during  hospitalization;*  (oxygen-enriched 
atmosphere,  aminophylline  were  allowed.) 

2.  Infant  felt  clinically  to  be  a  "growing  premie,"  with  appro¬ 
priate  increase  in  weight,  length  and  head  circumference  through 
out  the  hospitalization.* 


3.  Fed  formula  solely,  either  Enfamil  20  with  Iron  or  Enfamil 
Premature,  by  Mead  Johnson  and  Company,  by  gavage  or  bottle; 
(breast  milk  and/or  intravenous  fluids  were  allowed  in  the 
immediate  neonatal  period  prior  to  the  infant  having  regained 
birth  weight;  infants  whose  mothers  desired  to  breast-feed 
were  excluded.) 


*Hospitalization  -  birth  admission  to  Newborn  Special  Care  Unit, 
exclusive  of  any  subsequent  transfer  to  another  service  or  hos¬ 
pital. 


Table  5 _ Enfamil  20  Group 


Infant  Weekly  Perioc 

Wt. 

(G) 

Intake 

(CAL/D)  (CAL/KG/D) 

Av.  Wt. 
(G/D) 

Change 

(G/KG/D) 

1 

1 

1200 

157 

104 

28.6 

23.8 

2 

1205 

160 

133 

12.9 

10.7 

3 

1543 

198 

128 

34,3 

22.2 

4 

1553 

240 

154 

15.0 

9.7 

2 

1 

1346 

200 

149 

27.1 

20.2 

2 

1481 

225 

152 

20.0 

13.5 

3 

1598 

241 

151 

8.6 

5.4 

3 

1 

1371 

201 

146 

28.6 

20.8 

2 

1569 

228 

145 

29.3 

18.7 

3 

1787 

260 

146 

28.3 

15.9 

4 

1 

1269 

171 

135 

14.3 

11.3 

2 

1396 

232 

166 

32.9 

23.5 

3 

1616 

229 

141 

30.0 

18.6 

5 

1 

1129 

172 

152 

10.0 

8.8 

2 

1274 

194 

152 

24.3 

19.1 

3 

1482 

204 

138 

32.9 

22.2 

4 

1746 

259 

149 

47.1 

27.0 

6 

1 

1490 

215 

144 

18.6 

12.5 

2 

1675 

244 

146 

37.9 

22.6 

7 

1 

1550 

209 

135 

47.9 

30.9 

2 

1775 

249 

140 

37.1 

20.9 

8 

1 

1437 

218 

151 

32.1 

22.4 

2 

1676 

250 

149 

42.1 

25.1 

9 

1 

1224 

188 

153 

27.8 

22.8 

2 

1436 

208 

145 

40.  7 

28.3 

3 

1606 

228 

142 

33.6 

20.9 

4 

1778 

258 

145 

20.0 

11.2 

10 

1 

1380 

197 

143 

18.8 

13.6 

11 

1 

1544 

230 

149 

30.0 

19.4 

12 

1 

1501 

217 

145 

32.9 

21.9 

2 

1734 

265 

153 

32.9 

18.9 

13 

1 

1458 

217 

149 

13.6 

9.3 

2 

1677 

246 

147 

35.7 

21.3 

14 

1 

1300 

191 

147 

— 

31.7 

24.4 
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Table  5_ Enfamil  20  Group 


Infant  Weekly  Period 

Wt. 

(G) 

Intake 

(CAL/D)  (CAL/KG/D) 

Av.  Wt. 
(G/D) 

Change 

(G/KG/D) 

15 

1 

1326 

217 

164 

27.1 

20.4 

2 

1492 

234 

157 

16.4 

11.0 

3 

1713 

252 

147 

46.4 

27.1 

16 

1 

1511 

222 

147 

28.6 

18.9 

2 

1739 

263 

151 

47.1 

27.1 

17 

1 

1048 

165 

158 

2,9 

2.7 

2 

1126 

172 

153 

18.6 

16.5 

3 

1249 

186 

149 

22.9 

18.3 

4 

1364 

211 

155 

20.0 

14.7 

18 

1 

1496 

217 

145 

27.9 

18.6 

2 

1741 

241 

139 

37.1 

21.3 

/  19 

1 

1488 

218 

147 

14.3 

9.6 

2 

1629 

238 

146 

24.3 

14.9 

20 

1 

1145 

136 

119 

8.3 

<7.3 

2 

1228 

188 

153 

14.3 

11.6 

3 

1361 

198 

146 

24.3 

17.8 

21 

1 

1559 

224 

144 

32.9 

21.1 

22 

1 

1501 

176 

117 

18.3 

12.2 

2 

1678 

229 

137 

32.9 

19,6 

23 

1 

1496 

175 

117 

20.0 

13.3 

2 

1678 

229 

136 

34.4 

20.4 

5  I 
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Table  6_ Enfamil  Premature  Group 


Infant  Weekly  Period 

Wt. 

(G) 

Intake 

(CAL/D)  (CAL/KG/D) 

Av.  Wt. 
(G/D) 

Change 

(G/KG/D) 

1 

1 

960 

145 

127 

18.0 

18.8 

2 

1084 

160 

148 

20.0 

18.5 

3 

1244 

175 

140 

27.1 

21.8 

4 

1449 

251 

173 

28.6 

19.7 

5 

1671 

244 

146 

24.3 

14.5 

2 

1 

1137 

153 

134 

14.3 

12.6 

2 

1343 

173 

129 

37.1 

27.6 

3 

1776 

218 

123 

33.8 

12.3 

3 

1 

1306 

174 

133 

9.3 

7.1 

2 

1410 

155 

110 

22.9 

16.2 

3 

1613 

206 

128 

35.7 

22.1 

4 

1 

1413 

197 

139 

25.7 

18.2 

2 

1603 

220 

137 

25.7 

16.0 

5 

1 

1033 

150 

145 

14.3 

13.8 

2 

1164 

181 

156 

34.3 

22.9 

3 

1379 

199 

144 

26.4 

19.2 

4 

1580 

222 

140 

27.9 

17.6 

5 

1784 

248 

139 

27.9 

15.6 

6 

1 

1391 

225 

162 

40.0 

28.8 

7 

1 

1490 

246 

165 

21.4 

14.4 

2 

1675 

246 

147 

37.9 

22.6 

8 

1 

1556 

192 

123 

20.7 

13.3 

2 

1765 

230 

130 

52.9 

29.9 

9 

1 

1478 

180 

122 

40.0 

47.1 

10 

1 

1278 

195 

152 

25.0 

19.6 

2 

1458 

212 

146 

24.3 

16.7 

3 

1673 

288 

172 

42.9 

19.9 

11 

1 

1543 

178 

115 

8.3 

5.4 

2 

1620 

227 

140 

24.3 

15.0 

12 

1 

1391 

178 

128 

19.3 

13.9 

2 

1601 

246 

154 

45.0 

28.1 

13 

1 

1133 

145 

128 

18.8 

16.5 

14 

1 

1523 

220 

145 

38.6 

25.3 

2 

1763 

224 

127 

35.7 

20.3 

15 

1 

1576 

235 

149 

32.9 

20.8 

51a 


Table  6 

Enfamil 

Premature  Group 

Infant 

Weekly  Period  Wt. 

Intake 

Av.  Wt.  Change 

(CAL/D)  (CAL/KG/D)  (G/D)  (G/KG/D) 


16 

1 

1579 

212 

136 

,25.7 

16.4 

2 

1790 

256 

143 

30.0 

16.8 

17 

1 

1436 

179 

124 

17.1 

11.9 

2 

1536 

221 

144 

15.7 

10.2 

3 

1702 

268 

158 

27.1 

15.9 

18 

1 

1057 

158 

139 

30.0 

26.4 

2 

1325 

195 

147 

24.3 

18.3 

3 

1496 

204 

137 

32.0 

21.4 

19 

1 

1146 

130 

113 

20.0 

17.5 

2 

1260 

148 

117 

15.7 

12.5 

3 

1394 

172 

123 

24.3 

17.4 

4 

1554 

173 

111 

18.6 

11.9 

Table  7 _ Enfamil  20  Group _ 

Infant  Wt.  Intake  Fraction  Estimated  Requirement 

_ (G) _ (CAL/D)  (CAL/K6/D)  Protein _ Na _ Cl _ 
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Infant  Wt.  Intake  Fraction  Estimated  Requirement 

_ (G)  (CAL/D)  (CAL/KG/D)  Protein _ Na  Cl _ 
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Table  10 

Enfamil  20  -  Infant  distribution  among  classes 


Intake 

Body  Weig 

lit  (grams) 

(kcal/kgld) 

^1000 

1000-1250 

1250-1500 

i  .  >1500 

<•120 

120tl0 

140  tlO 

>150 

(i,D 

Class  A-l 
(1,1) 

Class  A-2 
(2,2) 

Class  A-3 
(3,4) 

Class  B-l 
(1,1) 

Class  B-2 
(13,13) 

Class  B-3 
(5,6) 

.  ■  ■  i 

Class  C-l 
(2,2) 

Class  C-2 
(18,22) 

Class  C-3 
(4,4) 
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Table  11 

Enfamil  Premature  -  Infant  Distribution  among  classes. 


Intake 

Body  Weight  (grams) 

(kcal/kgld) 

£1000 

1000-1250 

1250-1500 

>1500 

£  120 

120±1Q 

(1,1) 

Class  A- 1 
(2,2) 

Class  B-l 
(6,7) 

Class  C-l 
(6,6) 

140+10 

Class  A-2 

(4,4) 

Class  B-2 
(6,7) 

Class  C-2 
(10,11) 

>150 

Class  A-3 
(1,1) 

Class  B-3 
(5,5) 

Class  C-3 
(4,4) 
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Table  12 


Enfamil  20  Group  - 

Fraction  Estimated  Requirement  -  Class  Average 


Infant 

Class 

Protein 

Na 

Cl 

K 

Ca 

P 

Mg 

A-l 

.82 

.66 

.96 

1.27 

.52 

.51 

.96 

A-2 

• 

KD 

CO 

.80 

1.18 

1.49 

.62 

.61 

1.13 

A-3 

1.13 

.94 

1.36 

1.72 

.74 

.71 

1.31 

B-l 

.92 

.77 

1.13 

1.37 

.57 

.57 

1.05 

B-2 

1.15 

.95 

1.41 

1.70 

.71 

.71 

1.30 

B-3 

1.23 

1.04 

1.53 

1.84 

.78 

.77 

1.42 

C-l 

.96 

.80 

1.20 

1.44 

.60 

.60 

1.10 

C-2 

1.12 

.93 

1.39 

1.67 

.70 

.70 

1.28 

C-3 

1.19 

1.00 

1.47 

1.78 

.75 

.74 

1.37 

. 
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Table  13 


Enfamil  Premature  Group  - 
Fraction  Estimated  Requirement  -  Class  Average 


Infant 

Class 

Protein 

Na 

Cl 

K 

Ca 

P 

Mg 

A- 1 

.93 

.64 

1.04 

1.34 

1.00 

.58 

1.38 

A-2 

1.07 

.74 

1.20 

1.54 

1.16 

.67 

1.60 

A-3 

1.20 

.82 

1.34 

1.73 

1.29 

.75 

1.79 

B-l 

1.06 

.77 

1.27 

1.49 

1.15 

.67 

1.58 

B-2 

1.24 

.88 

1.45 

1.73 

1.30 

.76 

1.80 

B-3 

1.38 

1.02 

1.65 

1.94 

1.57 

.85 

1.94 

C-l 

1.07 

.77 

1.26 

1.49 

1.13 

.59 

1.55 

C-2 

1.24 

.80 

1.45 

1.72 

1.32 

.78 

1.81 

C-3 

1.32 

.89 

1.44 

1.86 

1.31 

.75 

1.72 
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Appendix  I 


Values  and  Literature  Cited  for  the  Factorial  Model 


Nutrient 

Dermal  Losses 

Urinary  Losses 

7>  Absorption 

Protein 

0. 17g/kg/d 
Snyderman  (49) 

17  %  intake 
Gordon  (20) , 
Snyderman  (49) 

87 

Roy  (40) 

Na 

0;06raeg/kg/d 
Swanson  &  lob 

(51) 

1.21meg/kg/d 

Roy  (40) 

90 

Roy  (40) 

Cl 

0. lOmdg/kg/d 
Swanson  &  lob 

(51) 

1. 18meg/kg/d 
Roy  (40) 

90 

assumed  =  Na 

K 

0. 12meg/kg/d 
Swanson  &  lob 

(51) 

1. llmeg/kg/d 
Roy  (40) 

83 

Roy  (40) 

Ca 

2.0mg/kg/d 
Swanson  &  lob 

(51) 

4.0mg/kg/d 

Day  (13), 
Barltrop  (3), 
Shaw  (43) 

65 

Day  (13) 

P 

l.Omg/kg/d 
Swanson  &  lob 

(51) 

30  7o  intake 

Day  (13), 
Barltrop  (3) 

80 

Day  (13) 

Mg 

2.0mg/kg/d 

Day  (13) 

60 

Day  (13) 
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Appendix  II 


Enfamil  20  -  Infant  Descriptions 


Infant 

Birth 

Date 

Birth 

Wt.  (g) 

Postnatal 

Day  Birth 

Wt.  Regained 

Entry 

Wt.  (g) 

End 

Wt.  (g) 

1 

07-17-75 

978 

11 

1010 

1560 

2 

08-15-75 

1250 

16 

1290 

1640 

3 

09-26-75 

1270 

14 

1300 

1880 

4 

12-06-75 

1191 

7 

1265 

1740 

5 

01-06-76 

1100 

5 

1100 

1900 

6 

02-25-76 

1440 

5 

1460 

1830 

7 

02-29-76 

1430 

14 

1460 

1920 

8 

03-22-76 

1350 

7 

1420 

1840 

9 

05-04-76 

1150 

14 

1150 

1840 

10 

06-03-76 

1350 

10 

1350 

1425 

11 

06-17-76 

1500 

10 

1500 

1650 

12 

07-08-76 

1450 

12 

1460 

1850 

13 

08-29-76 

1370 

14 

1445 

1790 

14 

10-04-76 

1220 

13 

1255 

1400 

15 

11-03-76 

1285 

10 

1300 

1850 

16 

11-05-76 

1410 

13 

1460 

1930 

17 

11-17-76 

1020 

12 

1040 

1410 

18 

12-08-76 

1410 

16 

1430 

1860 

19 

04-03-77 

1465 

10 

1495 

1690 

20 

06-02-77 

1120 

1 

1120 

1440 

21 

09-02-77 

1480 

9 

1500 

1680 

22 

09-22-77 

1465 

3 

1470 

1810 

23 

09-22-77 

1430 

3 

1470 

1800 

Mean  *  S.E.M.  1310  *156  10  ±  4 
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Appendix  III 


Enfamii  Premature  Group  -  Infant  Description 


Infant 

Birth 

Date 

Birth 

Wt.  (g) 

Postnatal 

Day  Birth 

Wt.  Regained 

Entry 

Wt.  (g) 

End 

Wt.  (g) 

1 

06.26-77 

920 

9 

940 

1810 

2 

07-06-77 

1050 

15 

1070 

1430 

3 

11-01-77 

1280 

10 

1290 

1740 

4 

11.22-77 

1350 

9 

1350 

1690 

5 

12.07.77 

1000 

11 

1030 

1850 

6 

12-23-77 

1320 

6 

1330 

1520 

7 

01-10-78 

1445 

6 

1450 

1835 

8 

01-28-78 

1500 

5 

1500 

1840 

9 

04-18-78 

1380 

14 

1430 

1720 

10 

04-20-78 

1250 

4 

1260 

1730 

11 

06-26-78 

1500 

1 

1500 

1720 

12 

09-23-78 

1330 

6 

1330 

1750 

13 

01-17-79 

1050 

15 

1050 

1220 

14 

02-17-79 

1400 

11 

1420 

1785 

15 

04-27-79 

1500 

5 

1530 

1700 

16 

05-16-79 

1480 

7 

1520 

1860 

17 

05-28-79 

1370 

3 

1370 

1790 

18 

06-07-79 

1060 

4 

1250 

1570 

19 

09-15-79 

1130 

4 

1130 

1630 

I 

Mean  i  S.E.M.  1280+188  8+4 
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Appendix  IV 


Formula  Composition 


Enfamil  With  Iron 
(20kcal/f luid  02) 

°/o  w/v 

Enfamil  Premature 
(24kcal/f luid  oz) 

7o  W/V 

Protein 

1.5 

2.2 

Fat 

3.7 

4.1 

Carbohydrate 

7 

9.2 

Minerals 

0.36 

0.5 

Water 

87.5 

88 

Per  lOOkcal 

Per  lOOkcal 

Vitamin  A,  I.U. 

250 

250 

Vitamin  D,  I.U. 

62.5 

62.5 

Vitamin  E,  I.U. 

1.9 

1.9 

Vitamin  C,  mg 

8 

8 

Folic  Acid 

0.016mg 

15.6mcg 

Thiamine ,  mg 

0.08 

0.08 

Riboflavin,  mg 

0.09 

0.09 

Niacin,  mg 

1.25 

1.25 

Vitamin  B6,  mg 

0.06 

0.06 

Vitamin  B12,  meg 

0.31 

0.31 

Choline,  mg 

0.47 

7 

Calcium,  mg 

81 

156 

Phosphorous,  mg 

69 

28 

Iodine 

10 

8 

Iron,  mg 

1.9 

0.22 

, 

(continued  next  page) 
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Appendix  IV  (continued) 


Formula  Composition 


Enfamil  With  Iron 

Per  lOOkcal 

Enfamil  Premature 

Per  lOOkcal 

Magnesium,  mg 

7 

10.4 

Upper,  mg 

0.09 

0.09 

Zinc,  mg 

0.63 

0.6 

Manganese,  mg 

0.16 

0.16 

Vitamin  K,  meg 

9.4 
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